INTRODUCTION
Inherited thrombophilia is more commonly associated with venous rather than arterial thrombosis. There is controversy regarding the role of inherited causes of thrombophilia such as deficiencies of natural anticoagulants (antithrombin, protein C and protein S) and activated protein C resistance (APC-R) in arterial thrombosis, while increased fibrinogen levels and acquired causes such as antiphospholipid antibodies have been implicated.
Inherited causes of thrombophilia, especially protein C deficiency, are more common in children with a first arterial ischemic stroke than in healthy children. 1 The likelihood of detecting at least one thrombophilia marker in young patients with myocardial infarction (MI) who have fewer conventional risk factors is significantly high.
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OBJECTIVE
This study was carried out to study the frequency of multiple thrombophilia markers including APC-R, antithrombin (AT), factor V, protein C, protein S and fibrinogen in patients with primary arterial thrombosis presenting clinically as MI or stroke, since there are very few Indian studies on the subject.
METHODS
We conducted a retrospective study in which data pertaining to 85
consecutive cases (48 with ischemic stroke and 37 with MI) and 50 controls were analyzed for the presence of seven thrombophilia markers. The inclusion criteria for patients were the presence of one or more of the following: (i) Age < 45 years at onset of thrombotic episode and (ii) absence of any obvious cause such as prolonged immobilization, sickle cell disease, cardiac arrhythmias or source of thrombus that predisposed towards thrombosis. The control population included age and sex-matched healthy blood donors and volunteers, except for some very young pediatric patients. Informed consent from all participants and approval from the Indian Naval Hospital Ship Asvini Ethics Committee were obtained for this study. Two patients with multiple episodes at the time of recruitment for the study were over 45 years old, but they had had the first episode before reaching 45 years of age and hence were included.
Factor V levels were estimated, given that very low factor V may cause increased APC-R. 3 Lp(a) was included in this study because it is an independent risk factor for myocardial infarction in adults and for strokes in children. 4, 5 Histories of important risk factors, including smoking, hyperlipidemia, hypertension, diabetes mellitus and positive family histories were elicited from all patients and controls.
Family studies were not done, but detailed history-taking and clinical examination had excluded other causes of hypercoagulability, including diabetes, hypertension, liver disease, infections, malignancies, polycythemia, thrombocytosis, nephritic syndrome, use of oral contraceptives and hormone replacement therapy. Due to budgetary constraints, other thrombophilia markers such as serum homocysteine, factor V Leiden and raised factor VIII were not included.
Sample collection and processing
All samples were collected from patients after stabilization for 10-12 weeks and none of the patients were on oral anticoagulants at the time of sampling. Fifty-two patients were not on any treatment, 20 were on low-dose aspirin and 13 were on coumarins, from which they were weaned off and put on low molecular weight heparin for three weeks before their samples were drawn was done using Clauss's method. 6 All abnormal results were reconfirmed on a fresh sample from the patients taken at least 12 weeks later.
Equipment and methods
All tests except for AT estimation were performed on a four-channel semiautomatic coagulometer (Diagnostica Stago, France). AT estimation was done on a biochemistry analyzer, as mentioned in a previous study on venous thrombosis. 7 The diagnostic methods for detecting MI were troponin T, CK MB and aminotransferase; EKG or echocardiography during acute phase of MI followed by coronary angiography; radionuclide lung scanning or angiography for pulmonary embolism; arteriography for peripheral arterial occlusions; and CT scan, magnetic resonance imaging or arteriography for cerebral thrombosis. For a diagnosis of transient ischemic attack (TIA), a focal neurological deficit resolving within 24 hours was required, whereas if it persisted beyond 24 hours, a diagnosis of stroke was made.
Statistical analysis
The Epi Info 6 software was used for statistical analysis on the accrued data. The chi-square test was used for data analysis.
P values were calculated and The Yates and Mantel-Haenszel corrections were made. The controls were compared with the patients in both disease subgroups. Odds ratios were calculated whenever possible. Fisher's exact test (both one and two-tailed) was performed and its results were used for drawing conclusions.
The sample size was calculated considering a study power of 60%, odds ratio worth detecting of 1.00, exposure to risk factors among controls of 6% and a 90% confidence interval, resulting in a minimum sample of 53 patients.
RESULTS
A total of 85 patients (M/F 78/7) and 50 age-matched controls (M/F 46/4) were studied. The mean ages and ranges for patients and controls were 37.2 years (3-45 years) and 34 years (5-45 years), respectively. The demographic data on the patients and controls are shown in Table 1 . The means and ranges of values for seven quantitative thrombophilia markers are shown in Table 2 . The normal levels of various parameters were derived from ranges obtained in control populations and did not vary significantly from the ranges mentioned in product inserts.
Multiple episodes of thrombosis occurred in 11 patients, of whom seven had MI, three had stroke and one had both. A family history of stroke, MI or thrombophilia was present in 13 patients.
The frequencies of thrombophilia markers and risk factors in patients and controls are shown in Table 3 .
The mean fibrinogen levels for the controls and patients were 150 mg% and 279 mg% respectively, with a peak value of 1700 mg% in the latter. A cutoff of 500 mg/dl was taken as an indicator of raised fibrinogen, in order to make the diagnostic criteria more stringent. Abnormal low values for protein C, protein S and AT
and raised values for fibrinogen and Lp(a) are presented in Table 4 . Low factor V was present in a single case of MI and the levels were 51% of normal. This patient was only 27 years old and also had elevated Lp(a) (78 mg/dl) and raised fibrinogen (553 mg%). On echocardiography, he was found to have extensive anterior and lateral wall infarction. No risk factors could be identified in nearly 50% of the patients (15/31) who were negative for thrombophilia markers.
A combination of thrombophilia markers and/or risk factors was seen in 36 of the remaining 54 patients (66.7%).
The clinical presentation was classical ischemic stroke in 37 cases, of which three had predominance of sensory symptoms, TIA in five cases and seizures in six patients. Classical features were present in 31/37 MI cases (83.8%): two each presented with unstable angina, non-Q and silent MI. Smoking was the commonest (40%) risk factor in this group, followed by dyslipidemia and a positive family history (19%).
Statistically significant parameters
P values for various parameters are presented in Table 3 . APC-R = activated protein C resistance; MI = myocardial infarction; Abnormal results for parameters 2-4 refer to low levels, while for parameters 6-9 they refer to increase in levels; 1 = refers to parameters 2-9. peak value. Any value below 120 seconds for modified activated partial thromboplastin time (APTT) was taken to be abnormal and indicative of activated protein C resistance (APC-R).
DISCUSSION
The presence of a thrombophilia marker in 38.8% of the patients may appear a little high, but some other authors have reported the presence of a thrombophilia marker in 50% of young patients with MI with ≤ 1 risk factor. 2 This can also be attributed to the marker selection, especially Lp(a) and fibrinogen. Contrary to the previous belief that factor V Leiden is rare in Indians, 8 some recent studies have reported higher frequency of APC-R in Indian patients with venous thrombosis. [9] [10] [11] In the present study, APC-R was detected in 14% of the patients and 4% of the controls. In a study by Khare et al., the prevalence of factor V Leiden was significantly higher in MI cases than in controls. 12 The product insert mentions that there is excel- In our study, low AT was found to be significantly related to MI, which is contrary to a previous report in the literature by Khare et al., who reported that protein C, protein S and AT deficiencies was seen in 3/120 cases each (2.5%). 12 The fibrinogen levels in the present study were significantly elevated in MI patients, in agreement with previous Indian studies. [12] [13] [14] Also in the present study, we observed that higher levels correlated with higher frequency of recurrence and severity of thrombotic episode. Lp(a) is a non-modifiable risk factor that has been shown to be an independent risk factor for thrombosis. [14] [15] [16] Hence, both fibrinogen and Lp(a) must be evaluated in young patients with arterial thrombosis.
In our study, the AT levels were low in 6.5% of the patients, and were higher than in Indian studies on DVT cases. 11, 12 The AT levels were in the range of 60-65% of the normal range (80-130%) in 5/6 patients and it was 45% in one patient. It is possible that low AT levels acted on combination with other markers to cause thrombosis, but only moderate decreases in AT are associated with venous thrombosis. 17 The patients and controls were also tested for antiphospholipid antibodies, including lupus anticoagulants and anticardiolipin antibodies, but these data have already been published and hence are not mentioned in this paper. Concentrates of protein C, protein S and AT are extremely expensive and not available even in cases of severe deficiency, and so have a limited role in management. Therefore, extreme prudence has to be exercised in test selection and such tests must be done only after the patient has been stabilized and been taken off coumarin.
CONCLUSION
Routine testing for fibrinogen could be useful in addition to wellrecognized markers including AT, APC-R, protein S and protein C for all young patients with a primary thrombotic episode.
There is an urgent requirement to study the Indian population for factor V Leiden and APC-R.
